An improved method for the isolation and purification of pyrrolizidine alkaloids from comfrey (Symphytum officinale L.) roots was developed, introducing very fast, selective and ion residue-free reduction of N-oxides followed by ion-exchange chromatography giving a non-aqueous solution of alkaloids, from which solvents can be easily removed. With this procedure the use of large volumes of organic solvents, very slow reduction of N-oxides and input of additional impurities was avoided. Lycopsamine, which proved to be the major alkaloid, was additionally purified by preparative layer chromatography (PLC) and high performance liquid chromatography (HPLC). The identity of the alkaloid was confirmed by 1 H NMR spectroscopy and mass spectrometry.
In Western Europe, comfrey (Symphytum officinale L., family Boraginaceae) has been used topically for treating inflammatory disorders such as arthritis, gout and thrombophlebitis, and internally for treating diarrhoea [1a,b] . Apart from allantoin and other constituents which are considered to have a therapeutic effect, the plant also contains toxic pyrrolizidine alkaloids (mainly lycopsamine, intermedine, their acetylated derivatives and symphitine). Pyrrolizidine alkaloids are metabolised in humans to hepatotoxic and pulmotoxic pyrrole derivatives in a reaction catalysed by CYP 3A4 [2a-2d] . Because of their high toxicity it is of interest to determine these alkaloids in medicinal products, even at low concentrations [3] . Several analytical methods have been used for analysis of pyrrolizidine alkaloids in comfrey employing TLC [3,4a-4c] , HPLC [4b,4c,5a-5e] and GC [3,4a,b,6a,b] .
Pyrrolizidine alkaloids are too hydrophilic to be extracted with chloroform, which is the usual procedure for purification of alkaloids, and therefore ion-exchange chromatography is usually employed and alkaloids are further purified by crystallisation, preparative layer chromatography and column chromatography [6c] . N-oxides of alkaloids in comfrey extracts can be reduced using either zinc and hydrochloric acid [7a,b] or the oxygen-absorbing resin Serdoxit [3, 8] .
In this work an improved procedure for isolation of lycopsamine (1) is described introducing very fast, selective and residue-free reduction of N-oxides using borohydride bound to ion-exchange resin instead of slow reduction with zinc and hydrochloric acid rich in residues and replacing Serdoxit ® resin, which is not commercially available. From 20 g of comfrey root extract (equivalent to 162 g of comfrey root) 431 mg of a crude mixture of reduced pyrrolizidine alkaloids was obtained. The reduction with bound borohydride proved to be very fast and selective and the extraction with ion-exchange resin was very successful regarding selectivity and possibility of elution of alkaloids with organic solvents, yielding water-free solutions from which solvents can be easily removed. PLC yielded 101 mg of crude lycopsamine as a light brown highly viscous liquid. The use of a semi preparative monolith HPLC column in a further purification step enabled high flow of the mobile phase and therefore a very fast separation, which is favourable when several chromatographic cycles have to be (1) performed due to the low capacity of the column. Preparative HPLC yielded 11.2 mg of lycopsamine, as its trifluoroacetate, as a colourless powder, the identity of which was confirmed by 1 H NMR spectroscopy and mass spectrometry. Extraction with Amberlyst 15 ion-exchange resin employed in this work proved to be more efficient in comparison with old methods for two important improvements: i) avoiding the use of large volumes of chlorinated solvents and ii) producing a non-aqueous solution of alkaloids, from which solvents can be easily removed under reduced pressure and low temperature.
Experimental
Plant material: Comfrey roots were supplied by Farmex (Nova Gorica, Slovenia). The country of origin of the plant material was Hungary. The identity of dry and comminuted comfrey roots was confirmed by morphological analysis [9] . A voucher specimen has been deposited under number FB-S-012.
Preparation of comfrey root extract:
Roots (200 g) were powdered and extracted with 1000 mL of methanol in an ultrasonic bath at 50°C for 1 h. The mixture was filtered and the filtrate was evaporated at 50°C under reduced pressure to a volume of 200 mL using a Rotavapor. The concentrated solution was cooled to 4°C to precipitate allantoin, which was removed by filtration. The filtrate was again evaporated at 50°C under reduced pressure to a volume of 60 mL and cooled to 4°C to precipitate the remaining allantoin, which was removed by fitration. The filtrate was evaporated at 50°C under reduced pressure.
Reduction of N-oxides with borohydride bound to ion exchange resin:
Ten g of Amberlite IRA 400 (Cl) ion-exchange resin was washed with deionised water, soaked in 100 mL of 1 M HCl for 24 h, washed again with water and drained. One hundred mL of aqueous NaBH 4 (1 g/100 mL) was added slowly to the resin during stirring. The suspension was stirred in a nitrogen atmosphere for 1 h. The resin was washed again with water, drained, and slowly added during stirring to a filtered solution of 10 g of comfrey root extract dissolved in 50 mL of 0.5 M HCl in water. After the reduction, which took 30 mins at room temperature, the resin was filtered off and the filtrate extracted 6 times with 40 mL of diethyl ether to remove lipophilic substances.
Extraction of alkaloids with ion-exchange resin: Twenty g of
Amberlyst 15 ion-exchange resin was washed consecutively with 100 mL of water, methanol, water and 1 M HCl. The resin was then soaked in 100 mL of 1 M HCl for 12 h, washed with water, soaked in 100 mL of 1 M NaOH for 12 h and then washed with water. The prepared resin was added to the water solution of reduced alkaloids and stirred for 1 h. The resin was filtered off, packed in a plastic column for flash chromatography with an internal diameter of 40 cm and length 15 cm and washed consecutively with 100 mL of water and 100 mL of methanol using a Sepacore flash chromatographic system at a flow rate of 5 mL/min. Alkaloids were eluted with 100 mL of a mixture of methanol and diethylamine (5:1 v/v) at the same flow rate. The obtained solution of alkaloids was evaporated at 50°C under reduced pressure to remove solvents.
Preparative layer chromatography (PLC):
The crude mixture of alkaloids obtained by ion exchange was dissolved in 0.5 mL of methanol and applied manually to 2 silica gel preparative plates (200 × 200 mm) with a layer thickness of 2 mm in the form of a 180 mm long narrow band. The plates were developed in a saturated chamber with a mixture of dichloromethane, methanol and diethylamine (70:26:4, v/v/v) . Bands were detected under UV light (254 nm). The lycopsamine containing band (R f 0.45-0.54) was removed and worked up as usual to afford crude lycopsamine.
Preparative high performance liquid chromatography (HPLC):
The final purification step was performed using a HPLC system with detection at 200 nm and eluent flow rate of 3 mL/min. Solvents used for separation were water with 0.1% trifluoroacetic acid (TFA) (A) and acetonitrile with 0.1% TFA (B) in the following gradient: 0-15 min from 5% B to 30% B, 15-17 min from 30% B to 5% B and 17-20 min 5% B. Fifty mg of lycopsamine obtained by PLC was dissolved in 1 mL of water containing 0.1% TFA. In one run, 10 L of this solution was injected. A peak between 6.5 and 7.3 mins was collected. Forty runs were performed to obtain the amount of pure lycopsamine needed for spectrometric and spectroscopic analyses. Fractions containing lycopsamine were combined and lyophilised at -40°C and 0.001 hPa to remove solvents. The residue was dried in vacuum over phosphorous pentoxide for 24 h at room temperature.
Lycopsamine
Rf: 0.5 (CH 2 Cl 2 -MeOH-Et 2 NH, 70:26:4). Identity of lycopsamine was verified by comparison of its 1 H NMR spectroscopic and MS features with those published [10a,b] .
Supplementary data: 1 H NMR and MS for lycopsamine, as well as preparative HPLC chromatogram.
